An indirect fluorescent-antibody (IFA) technique, which employed adsorbed Behring polyvalent I 0 antiserum, was used to detect Salmonella spp. in environmental water systems. The IFA method used in this study detected 95% of Salmonella serotypes encountered in human infections in France, with a sensitivity threshold of 7.5 x 103 bacteria per ml of wastewater. Specificity was assessed by testing IFA against Salmonella-free seawater and a variety of bacteria other than Salmonella spp. When used to examine raw and chlorinated wastewater over a 2-month period, the IFA method was successful in detecting Salmonella spp. in all 12 of the samples examined, with total numbers determined to be 4.5 x 105 to 3.3 x 107 salmonellae per 100 ml. In comparison, for the same samples, enumeration by culture, using the most-probable-number technique, was effective in detecting Salmonella spp. in only four of eight raw-water samples and one of four chlorinated water samples tested. Three samples were further tested by using the direct viable count procedure combined with IFA and results showed that 5 to 31.5% of the Salmonella spp. enumerated by this method in chlorinated water were substrate responsive.
Statistically significant correlations between microbial water quality, measured by conventional culture techniques, and illness in bathers have been established (3, 22, 23) . A viable but nonculturable stage of bacteria has also been documented (8, 20) , showing persistence of human pathogens in the aquatic environment. As a consequence, there is a need to clarify the actual health significance of these bacteria under environmental conditions. The direct detection of pathogens rather than reliance on culture methods may more accurately assess water quality.
The acridine orange stain has been suggested as useful in monitoring water quality by estimating the total number of bacteria present in water samples (20) . Fluorescent-antibody assay (1, 2) and enzyme immunoassay (5, 19) , on the other hand, can be usefully applied to both direct and specific detection of bacteria in environmental samples.
Direct viable counts (DVC), described by Kogure et al. (13, 14) , permit discrimination between growing (elongating) and presumably dead (not elongating) bacteria, as observed by epifluorescent microscopy. Acridine orange staining, on the other hand, yields only total cell counts. Combining DVC with the indirect fluorescent-antibody (IFA) procedure permits the enumeration of specific viable populations of bacteria (1) .
The effect of chlorine on the virulence of waterborne pathogens has been an issue of great interest. Chlorineinjured, enteropathogenic Escherichia coli has been shown to exhibit reduced ability to colonize the small intestine and to initiate disease (25) . The findings of LeChevallier et al. (15, 16) are consistent with earlier findings that the virulence of Salmonella spp., Yersinia spp., and, more markedly, E. coli is reduced after exposure to chlorine (25) . On the other hand, the study of Camper and McFeters (4) Residual chlorine. Residual chlorine was measured by the N,N-diethyl-p-phenylenediamine colorimetric method after potassium iodide treatment.
Culture conditions. Salmonellae in seawater, raw wastewater, and chlorinated wastewater were enumerated by the MPN method as follows. For each type of water, five-tube MPN series, consisting of 10 ml of buffered peptone water inoculated with 10-, 1-, 0.1-, and 0.001-ml volumes of the water under study, was incubated at 37°C for 2 h. After incubation, the inoculated tubes were transferred to 10 ml of double-strength selective Rappaport broth and incubated at 37°C for 2 h (6, 10). After incubation, 10 ,ul of Rappaport broth was streaked onto Hektoen enteric agar (A.E.S. Laboratories, Cobourg, France), and the plates were incubated at 37°C for 24 h. Salmonellalike colonies were confirmed biochemically and serologically.
Lactose-fermenting members of the family Enterobacteriaceae (LFE) were isolated by inoculation on Drigalski agar medium (A.E.S.), and the plates were incubated at 42°C for 24 h before they were read. (19 August 1987) from raw wastewater and S. typhimurium (27 July 1987) from chlorinated wastewater. S. panama was isolated on 19 August 1987 from an outflow water sample. These strains correspond to serotypes commonly isolated in human salmonellosis (17) . Acridine orange count. In seawater samples, the numbers of bacteria enumerated ranged from 6.9 x 107 to 4.6 x 108/100 ml. In raw wastewater, the numbers of bacteria ranged from 4.0 x 109 to 1.1 x 1010/100 ml. In chlorinated wastewater, 6.5 x 108 to 9.4 x 109 bacteria per 100 ml were counted. IFA-TDC. By using the IFA technique, Salmonella spp. were found in every sample of raw, chlorinated, or outflow wastewater (IFA total direct count [IFA-TDC]; Fig. 3 ). In raw and chlorinated wastewater samples, the numbers ranged from 4.5 x 105 to 3.3 x 107 and 4.9 x 105 to 7.1 x 106 salmonellae per 100 ml, respectively. In the outflow wastewater sample examined, 2 x 106 salmonellae per 100 ml were enumerated. No Salmonella spp. were detected in any of the seawater samples collected at a distance from the outflow.
RESULTS

Serum
IFA-DVC. Viable Salmonella spp. were detectable in every wastewater sample examined (Fig. 4) . In raw wastewater, the numbers ranged from 7.2 x 105 to 1.7 x 106/100 ml, i.e., from 19.4 to 62.9% of the corresponding IFA-TDC. In chlorinated wastewater, the number of viable, or substrate-responsive, bacteria ranged from 7.5 x 104 to 8.5 x 105/100 ml, i.e., 5 to 31.5% of the corresponding IFA-TDC enumeration. IFA-DVC was not successful in detecting Salmonella spp. in the seawater samples collected at a distance from the outfall. 
DISCUSSION
From the results of this study, it can be concluded that 0, H, and OH antisera can be used to detect Salmonella spp. in environmental water samples. The H antisera are preferred by some investigators (9) because no cross-reactions appear when H antisera are used. Cross-reactions occurring with 0 antisera can be eliminated by successive adsorptions to obtain a reaction-specific serum. In environmental samples, Salmonella spp. have adapted to the environmental conditions and, under such conditions, flagellar antigens are frequently undetectable (7) . The OH antisera are of questionable value because they require the use of bacterial cells exhibiting well-developed flagella. For these reasons, the IFA technique used in this study was directed toward the 0 antigens. Cross-reactions occurring with the 0 antiserum were eliminated by successive adsorptions.
Cells binding the fluorescent antibody were observed to be intact or, at the least, to retain their 0 antigens. Such cells can be considered viable, i.e., substrate responsive (27 (20, 21) .
The present study provides results consistent with the conclusion that raw effluent chlorination does not eliminate all pathogens. Current U.S. practice consists of secondary treatment prior to chlorination. The findings of Kampelmacher et al. (12) 
